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MEMORANDUM REPORT
for the .

‘Bureau of Aeronauticé, ﬁafy:ﬁefartﬁgnt
POWER-ON WIND-TUNNEL TESTS OF THE i/B-SCALE_
MODEL OF THE BREWSTER F24 A'IPPLANE VITH

FULL-SPAN SLOTTED FLAP’S |

By John G. Lowry
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Department,
tests were made in the 7- by 10-foot wind tunnel of the 1/E-scale
model of the Brewster F2A airplane with full-span slotted flaps.

The obJect of the tests was to determine the power-on static lateral
and longitudinal stabillty of the complete model with & new wing
which had a full-span slotted flap and a plain and slob-llp alleron
for lateral control. .

MODEL

The 1/8-scale model of the Brewster FRA airplane was furnished
by the Brewster Aeronautical ‘Corporation end no attempt was made
to check 1lts dimensions. A three-view drawing of the complete model
with the originel wing is shown in figure 1 and of the modified wing
in figure 2. The modified wing which has & full-span NACA slotted .
flap was used in this series of tests.

The angle of attack of the reference thrust line wes determined
by means of leveling lugs that were fitted into holes vreviously
drilled in the fuselage. The stabilizer, elevator, rudder, flap,

and alleron angles were set by meams of templates furnished with
the model. .

Power for the model was obtained from a 35-horsepower weater-
cooled induction motor that was mounted within the fuselage contour.
This motor, designed especially for power-on model tests, has &an
alternator tachometer buillt into 1t to measure the rpm of the



propeller. Power and water leads were run into the model through a
streamlined fairing which covered both the leads and the model
support strut.

JoL-T

The propeller used in these teste had a diameter 6 percent lerger
than the scale size for the prototype and was probably not geometricelly
gimiler to the prototype propeller since it consisted of blades
avalleble at the 7- by 10-foot wind tunnel. The blades were mounted
in an especially designed six-blade hub and the three-blade propeller
was made by assembling three bladcs in the hub.

TESTS AND RESULTS

Test conditions.~ The teats were made in the NACA T7- by 1l0-foot
wind tunnel. All the tests, excent as noted below, were run at a
dynemic pressure of 16.37 pounds per square foot which corresponds
to a veloclty of about €0 miles per hour under standard sea-level
conditions, and to a test Reynolds number of about 570,000 based
on the mean aerodynemic chord of 9.36 inches. The effective Reynolds
number, Ry, was 912,000 based on a turbulence factor for the
7= by 10-foot tunncl of 1.6.

Coefficients.~ The results of the tests are given in the form of
standard NACA coefficlents, of forces and moments based on model wing
erea, wing span, and mean aerodynamic chord. All momenis are teken
about the center-of -gravity location of the complete airplane shown

on figure 1 (normal fighter, landing geer retracted). The

data are referred to the stability axes, a system in which the X axis
is the intersection ol the plene of symmetry of the airplane with a
plane perpendicular to the plane of symmetry and parallel with the
relative wind direction, the Y axis ig perpendiculer to the plane of
symnetry, and the Z axis is in the plane of gymmetry end perpendicular
to the X axis. The coefficients are defined as follows:

Cp  drag coefficient (propellers removed) =
CDR resultant-drag coefficient = &
g
Cy lateral-force coefficient = e
as
cr 1ift coefficlent = ELS'
Cy rolling-moment coefficlent about c.g. = ~L
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where

[

” E,I‘c'xds}.ar-_lce 'diafmet'er:retio '

pitching-moment coefficient. about c.g. =-1§-“

yawing-moment coefficient about c. g.'s Egi

force along X axis; positive when directed backwarde

;. force. along Y. exis; poeitive when directed to right

force along Z axis; positive when directed upwarde

rolling moment about X axis, poeitire when it tende to deprees
the right wing R

"':Qpitching moment aboub Y axie, poeitive when it tende to depress

the tail”

(- yawing.moment about Z axie, positive when it tende to retard

right ving
i

. dynamic. pressure = EPVE' §16:37 pounds‘per square foot)

wing eras (2.265 square feet)

. mesn sorcirneric chord (0.78 foot)

wing span %.38 feet)

The foilo#ing erPEiler ooeffioientefare-ueedrl1L:=ﬂ

effective quel~thrust coefficient =L

q-S Sl e
effective propeller-thrust cosfficient = I
pV2D2

effective thrust in pounds

:maes density 'of dir in slugs per cubic foot ol

airspeed in feet por second

propeller dlameter (1.36 feet) -




n propeller speed in revolutions per second
rom propeller speed in revolutions per minute

Symbols. ~ Certain symbols are used in the text and figures, and
are defined as follows:

o anglé of attack of thrust line, degrees
¥ angle of yaw, degrees; positive-when nose of model moves to
right
g angle of stabilizer setting with respect to thrust line,
degrees; positive with trailing edge down
B elevator deflection (with respect to stabilizer chord),
' degrees; positive when trailing edge of elevator is moved
down
Sr rudder deflection, degrees; positive when trailing edge of -
rudder is moved to left
Sf flap deflection, degrees; positive when trailing edge of
flap is moved down
Bg aileron deflection, degrees; positive when trailing edge of
aileron is moved down (subscrlpts R eand I denote right
and left allerons)
B angle of propeller-blade setting measurcd at the 75 percent

radius -

Corrections. ~ The results have not been corrected for tares
caused by the model support.

All the angles of attack, the drag coefficients, and the pltching-

moment coefficients have beecn corrected for the effects of the tunnel
walle. The Jet-boundary corrections applied were computed as follows:

Induced drag correction, ACDi = 6'§ CL2 (1)
Induced angle-of-attack correction, Au1° =9 % C1,(57-3) (2)
Pitching-moment-coefficient correction

ac
Moy = 8, T To L o3 | | (3)



All corrections are added to tunnel data . In the aforémsntioned
equations- o

& = 0.115
8, = 0.06
8, = 0:0% |
C = tunnel Cross-sectional area (69.59 square feet)

3295 = change in pitching-moment coefficient per degree change 1n
dip . stabillzér setting (This slope was furnished by
contractor from New York University power-off data.)

No Jet-boundary correctiond werg applied to the yawing- and
rolling-moment coefficienta. The' corrections to the rolling- and.
yawing-moment coefficlent” are negligible for the size of the model
used.

Test _procedure.- Propeller calibretions were first made. They
congisted of resultant-drag readings at various propeller spceds for
several blade angles and for both ‘the three~ and six-blade propellers.
The thrust coefficients were then computed from the equation:

I o -
I, = CD CDR

These propeller characteristice are presented in figure 3. Having these
data, ‘it was only necessary to vary the propeller speed to obtain the
desired thrust assuming that the thrust was independent of angle of
inclination of propeller. The effective thrust coefficients at which

the tests were made are shown in figure 3-a. These curves were furnished
by Mr. Michel, Brewster representative. It should be noted thet these
curves indicate the thrust for constant power for the prototype airplane
over the speed range. The curves, therefore, represent climbing,

diving, or accelerated conditions, and there is only one point on

each curve thalt corresponds to steady level flight.

In making pitch tests, the rpm for each lift coefficient was
determined from figures 3 and 3-a. The rpm was set and the angle of
attack varied until the proper 1lift coefficient was obtained. 'After
the first few runs it was possible to obtain an rpm versus angle
of attack chart for a given model and power condition. All succeeding
pitch tests were run in this manner.

The yaw tests were run at constént vélue of rpm. From the
results of the pitch tests and the curves 3 and 3~a the correct rmm
for a glven angle of attack was obtained for the zero yaw condition.
This value was then maintained throughout the yaw range. -

For convenience in locating results, a résumé of the ﬁests is
glven in the following teble:




No. Prop

Type

T§g?'00£3¥:§on blades B e| °r Test Figu?e
1| wmmemmenans 3 120,30] of of O @=¥ |thrust| 3
=0 | Calid
2| Rated 3 30| o of o] v=0 [Pitch| &, 6
3 do 3 30| of 0 ol.a¥2.5° vaw 13
4 do 3.0 30| oo 0/a®10® | a | 5 15
5 do 3 20 | o ol o] ao do 5
6 do 3 30 | o of-15 @&. | @0 | 15 .
7 %Ra’ced 3 30| o of o|¥=0 [piten 6
8| Windmilling 3 301 0 0f 0} do do 6
9! maxe-ore| 3 | 30 | kol o] of- ao. o | 7
10 | Windmilling 3 30 | 5ol o] of a0 do 7
11| £ Rated 3 30 | kol 0]-15] « = %o Yew | 16
12 do 3 30 | kol o] o] do do |12, 16
13 Windmilling 3 20 | 40| © do o | 12
LX) P, 6 30| ool olv=a [Thrust| 3
- o =0 Calib|
15 Rated - 6 30 0. 0f 0! ¥ = Pitch | 4, 8
16 do 6 30 |: of+2{ © . do do 8 .
17 2o 6 20 [7'0ol-2] ol o do 8
18 do 6 30 | of-4 o© do éo 8
20 do. 3 30 | 40| o| o] ao do 7
20-4 % Rated 3 30| o] 0| of ao o | 1,9
21-4d do 3 30 | 40|+2| © a0 o | 9
22-4 do 3 30 | 4O ;2 0 | do do
24 | Take-off 3 30 &O,:6 Ol = -1.760. Yaw 1k
26| Rated 6 30 ol .0} Oja ¥ 10 do : 5

Lol~T
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DISCUSSION

The effect of the number of

'.'propeller blades and propeller-blade angle on the aercdynamic charac~

teristics of the model are shown in figures 4 and 5. The curves are
of value in interpolation of the results to actual conditions to be
encountered on the prototype airplane which could not be exactly
represented on the modsl. The effect of slipstream rotation as
indicated by these curves is mainly on the trim condition and not
on the stabllity of the model. _ .

Longitudinal stabilitx and cggtro . The effect of the addition

of the propeller to the model and the application of various amounts
of power is shown in figure 6 for the model with the flaps retracted
and in figure 7 for the model with the flaps deflected 40° and the
landing gear extended. With the clean model, flaps retracted, there
is no apparent change in slope of pitching-moment curve with the
addition of ‘the windmilling propeller, but with the flaps deflected
there is a slight decrease in the slope. While no attempt was made
to duplicate the idling characteristica of the prototype engine-
propeller installation, the present resulte are believed to be
applicable.

The application of power decreases the slope of the pltching-
nmoment coeffilcient curves progressively as the power is increased.
For the clean model the application of rated power decreases the
slope of the pitching-moment coefficient curve to the condition of
neutral stabillity at the high-speed attitude. With flaps deflected
the application of rated power decreases the slope of the pitching-
moment~coefficient cwrve, de/dCL, from about -0. 114 for no power,
no propeller, to about -0.015 for rated power at a Cy of about 0.9.
These data indicate that the application of full-span flaps to the

model d¢es not result in longitudinal 1nstability of the model
with power.

The addition of the windmilling propeller had the expected effect
on the resultant-drag coefficient, that is, the drag was increased
over the values for the propeller-off condition. This value, however,
will vary with changes Iin blade angle, decreasing as the blade angle
is increased.

The addition of the windmilling propeller had a negligible effect
on the slope of the lift-coefficient curve, but gave an apparent
decrease in angle of attack for a ‘given lift coefficient of 0.5°
for clean model and of 2° to 3 with flaps deflected. For both
conditions of the model, the windmiliing propeller gave an lncrease




in maximum lift coefficient of approximately 0.25 which was accompanied,
in the flap-neutrel condition, by an increase of 3° in angle of attack
for meximum 1ift. The addition of power increases the slope of the
lift-coefficient curve ag the power 1ls increased. Sufficient power

was not available. to obtain maximum 1lift coefficients for the various
power conditions, but previous tests have shown an increase in meximum

- 11ft coefficient with an increase in power.

The effect of small elevator deflections is shown in Tigure 8
for the model with flaps neutrel and in figure 9 for the model with
flaps deflected. The slight variation in resultant-drag coefficient
in figure 8 between tests 15 and 16 and teests 17 and 18 may be the
result of a slight variation in the blade angle as the propeller was
disassembled between these two series of runs; however, the effect of
pitching moment is expected to be small. The pitching-moment coeffi-
cient curves show no indication of tail stall in the lift range tested.

_ The elevator angles for trim are given in figure 10 for the
clean model and in figure 11 for the model with flaps deflected.
The elevator deflections for trim in figure 10 were obtained by
interpolation of the pitching-moment data in figure & and the vealues
of &, in figurc 1l were determined from extrapolation of the
pitching-moment date of figure 9. These curves indicate that the
clean model with rated power requires 2° dovn elevator to trim in the
high-speed attitude while the model with flap deflected and half-
rated power requires about T° up elevator to trim at relatively
high-1ift coefficients.

An enalysis made at the Laboratory indicates the possibility
that the elevator hinge moments may be so large that the pllot will
have difficulty handling the airplane in the flap-deflected high-
speed condition because of the large up-elevator deflections required
to trim the asirplane. In addition, because of the large downwash
angle at the tell assoclated with flap deflection, the elevator
probably tends to float down which means & relatively large movement
of the elevator from the position of zero hinge moment. Additional
tests to determine the angle of attack of the tail with flaps down
and half-rated power will be made in the 7~ by 10-foot wind tunnel
ag soon as the 3C-horsepower motor is available for tests. In
addition, tests will be made with large elevator deflections to
determine the elevator deflections for trim with the flap down.

It is not considered good practice to extrapolate for the trim
elevator angle as was done for preparation of figure 1l because of
the pronounced effect of the elevator deflection on the longltudinal
stability of powered mocdels as shown in figure 8.

Lateral stebility.> The effect of angle of attack, flap deflec-
tion, and power on the serodynamic characteristics in yaw of the model




is given in figures 12 to 1k and the effect of rudder deflection is
given in figureslS and 16 for the clean model end model with flap.
deflected and landing gear extended.

The addltion of power to the model with windmilling propeller

- and flap deflected, figure 12 changed the ‘slope of ‘the. rolling-moment-
coefficient curve, dC3/dy, from 0.0013 far propeller windmilling =

to -0.0005 for half-rated power. The effective dihedrel for the

clean model in both the high-speed. and high angle-of- attack condition

is satisfactory; however, there is'a decrease in slope of rolling-

moment-coefficient curve with angle of attack (figs. 13 and 15):

A comparison of the rolling-moment-coefficient -curves of figures 1k

and 15 shows that obtaining a given 1ift coefficient by deflecting

the flaps decreases the slope of the rolling~moment-coefficient

curve more than obtaining the same lift coefficient by increasing

the angle of attack. There is, however, a slight increase in power

in the flap-deflected condition but it is believed this slight

increase does not affect the slope of the curve to any great extent.

The rolling-moment instabllity indicated with power and flaps
deflected has been observed on all powered models tested in the
T- by 10-foot wind tunnel of airplanes with very low: power loadings.
It has also been observed in flight and it indicates inability to
pick up' a wing with the rudder when flying with flaps down at
moderate or large thrust coefficients.

) The addition of power to the model with flaps deflected shifted
the trim angle in yaw from -1.5° for propeller windmilling to -16°
for half power end also increased the slope of the yawing-moment=-
coefficlent curve. The increase in power also increased the slope
of the lateral-force coefficient curve (fig. 12).

The deflection of the rudder has no effect on the slope of the
rolling- or yawing-mcment-coefficient curves but shifte the trim

0
angle 1% per degree of rudder deflection for the flap neutral con-

dition and 1° per degree of rudder deflection for the flap deflected
condition. Thus, it would require about 15° rudder to trim ‘the model
with flaps deflected but only about 9° rudder with the flaps neutral.
The vertical tail shows indication of stall at about 20 yaw for- both
model conditions. Since no attempt was made to represent exactly the
slipstreem rotation of the prototype alrplane in the model tests the
actuael rudder deflections may be different on the airplane from those
shown for the model. Tests of the powered models have indicated that
rudder deflections for trim are best determined when the model and
prototype propellers are operating at the same thrust-torque ratio.
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- No alleron tests were made with the powered model since it is
belleved that the data presented in reference 1 without power are

applicable.

Léngley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 21, 19kl.
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CONSTANTS OF F2A AIRPLANE

GROSS WEIGHT . .. 6600L85.

SPAN . . . . . . ... 3500 FT.
MEAN AERODYNAMIC CHORD 6.24 FI.
AREAS- WINGS, INCLUDING

AILERON  208.9 SQFT.
STABILIZER 3040 SQFT,

ELEVATOR 19.90 5Q FT-TOTAL 50.30 SQFT.
ELEVATOR ROOT MEAN 5Q CHORD 1376 FI.

C6 LOCATION (MODEL) '
NORMAL FIGHTER, LANDING GEAR RETRACTED.

ARM FROM STA, 0" | ARM FROME THRUST.
2.700 IN. +.0375 IN.

l
T —— _L%

NaTionAL Asviboney CorsuTTRE PR AZRORAUTICS

FIB.1 = THREE VIEW DRAWING
OF THE /g SCALE MODEL
OF THE BREWSTER F2-A
AIRPLANE .
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Figure 2. - Three view drawing modified wing for
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

é-scale model Brewster FZ2A dirplane.
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